Besides the recognised clinical efficacy of invasive VNS, there are major drawbacks, such as invasiveness, and a great many side effects, due to electrical stimulation of a mixed peripheral nerve. Therefore there is a medical demand for an alternative medical device that combines selective, non-invasive access to vagus nerve afferents with a low risk profile. 6 This article assesses the new neuromodulatory technique of transcutaneous VNS (t-VNS ® ) on the basis of the following requirements for effective VNS therapy inferred from recent concepts of the mechanisms of action: 3, 4, 7 • unidirectional stimulation of thick myelinated afferent vagus nerve fibres;
• access to the nucleus of the solitary tract (NTS) in the brainstem; and
• elicitation of a typical cerebral activation pattern. 
Site of Transcutaneous Vagus Nerve Stimulation

Nerve Supply of the Outer Ear
The human outer ear (see Figure 1A ) is supplied by three sensory nerves, namely the auriculotemporal nerve, the great auricular nerve and the ABVN. 8 On 14 human ears the complete course of nerve supply was exposed and each branch was defined by identifying its origin. In 73 % of cases the ABVN, and in 18 % the great auricular nerve, were found on the antihelix solely and 9 % showed a double innervation. In 9 % of specimens the ABVN provided ramification for the crura antihelices, in 45 % for the cavity of conchae and in 100 % for the cymba conchae. In 55 % the ABVN and the great auricular nerve were found on the cavity of conchae. No region with triple innervation was found. Thus, in all specimens the ABVN was found to significantly supply the cavity of conchae and exclusively supply the cymba conchae.
Intracranial Section of the Vagus Nerve
A patient with tongue cancer suffered from severe pain in the outer ear. This refractory pain was treated by intracranial section of the vagus nerve (see Figure 1B) . 9 During the sectioning of the vagus on the left side, the anaesthetist noted that the heart rate dropped to 40 beats per minute. Following section of the vagus root, the cutaneous area of complete anaesthesia covered the posterior wall of the external auditory canal, the concha and, with only a slight degree of pain, the antihelix and antitragus. The authors concluded that there is no doubt that the major supply to the anaesthetised area is by means of the vagus nerve. proposed reflex syncope (see Figure 1D ), due to stimulation of the ABVN, as the pathophysiological mechanism.
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Referred Otalgia
Referred otalgia arises from non-otological, remote diseases and occurs in up to 50 % of adult patients who consult a general physician for ear pain. 12 Head and neck malignancy is the most important pathology associated with referred otalgia. Twenty-six patients with non-metastatic lung cancer primarily suffered from auricular pain localised ipsilaterally to the lung mass. 13 Lung masses which abut or infiltrate visceral vagus nerve afferents can refer pain to the ear by convergence of visceral fibres from the lung and somatic afferents of the ABVN onto common secondary sensory neurons in the NTS (see Figure 1E ).
Ear-cough Reflex
A young boy complained about a chronic dry cough. On examination, an accumulation of epidermal cerumen surrounding a skin ulceration in a narrowed external auditory canal was found.
Stimulation of the wall of the ear canal with a cotton bud triggered a marked cough reflex (see Figure 1F ). After removal of the accumulated cerumen the cough disappeared. 14 The ear-cough reflex was elicited in 12 patients. It was bilaterally induced in three patients. Lacrimation was additionally observed in one patient (auriculo-lacrimal reflex). 15, 16, 17 Twenty-one out of 500 patients studied had a clinically positive ear-cough reflex. Gagging and lacrimation were seen in nine and 10 patients, respectively. While vomiting was present in one case (ear-vomiting reflex), severe cardiac inhibition with syncopal attack was seen in three patients (auriculo-cardiac reflex). 15 Similar reflex phenomena documenting the functional connection between the ABVN and the autonomic nervous system are the gastro-auricular phenomenon, the auriculo-genital reflex and the auriculo-uterine reflex.
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Preferential Excitation of Thick Myelinated Nerve Fibres by Transcutaneous Vagus Nerve Stimulation
The clinical efficacy of VNS requires activation of thick myelinated afferent fibres of the vagus nerve. 4, 7 The fibres of a sensory peripheral nerve such as the ABVN mediate touch sensation.
Consequently, the stimulus intensity of electrical t-VNS is adjusted threshold in the area of the cymba conchae in 14 ears corresponds to 0.5 ± 0.7 mN which is very similar to thresholds in the face and the forearm. 19, 21, 23 Electrical and mechanical detection thresholds and evoked tingling sensation in patients and volunteers clearly demonstrate preferential activation of thick myelinated Aβ fibres of the ABVN by t-VNS.
Sensory fibres of the auricular branch of the vagus nerve (ABVN) (red) supply the skin of the concha (yellow). The cymba conchae is exclusively supplied by the ABVN. Sensory vagus nerve fibres from different organs project via the superior ganglion to the nucleus of the solitary tract (NTS). NTS neurons (dark blue) project to visceral efferent neurons located in the dorsal nucleus of the vagus nerve (DN) and the nucleus ambiguus (NA). Visceral efferent nerve fibres (green
Projection of Auricular Branch of the Vagus Nerve Fibres to the Nucleus of the Solitary Tract
The NTS is the main target of VNS (see Figure 1) . 
Anticonvulsive Effect of Transcutaneous Vagus Nerve Stimulation in Rodents
The anticonvulsive effect of t-VNS was addressed in an experimental rat seizure model. 28 Epileptic seizures were induced by intraperitoneal injection of the proconvulsant compound pentylenetetrazole (PTZ).
Seizures were documented by epidural electroencephalogram (EEG) recording. Invasive VNS was applied to the left cervical branch of the vagus nerve and t-VNS was administered to the left ear. PTZ injection without any VNS evoked highly synchronous, large-amplitude activity in epidural EEG traces. Invasive VNS and t-VNS both substantially reduced PTZ-induced seizure activity in epidural EEG compared with that of control periods. There was no significant difference between invasive VNS and t-VNS in the average duration of the anti-seizure effect. 
